We present, for the first time, a direct comparison between electron (ECS) and neutron (NCS) Compton scattering results from protons of a solid polymer. The momentum distributions of hydrogen obtained from ECS and NCS are in excellent agreement. In both experiments, a strong ''anomalous'' shortfall in the scattering intensity of protons {first detected in liquid water with NCS [C. A. Chatzidimitriou-Dreismann et al., Phys. Rev. Lett. 79, 2839 (1997 ]} is found ranging from about 20% up to 50%, depending on the momentum transfer applied. The characteristic times of electron-and neutron-proton collisions lie in the subfemtosecond range. The presented ECS and NCS results provide further direct evidence for this striking effect, which has been ascribed to attosecond quantum entanglement of the protons. [4], we were able to demonstrate such QE with the aid of neutron scattering experiments at sufficiently high momentum transfers ( hq). Usually, however, such high-q experimental techniques are applied to measure momentum distributions of target particles. The basic principles are rather simple. The momentum transfer hq is such that 1=jqj is much smaller than the atomic dimensions. In that case the probing particle scatters from a single target particle, and one determines hq, and the energy transfer ", from the probing particle to the target particle. If the target particle (mass m) was moving before the collision with momentum hk, momentum and energy conservation dictates that " is given by " hq 2 =2m h 2 k q=m. This simple physical context has been used to study the momenta of nucleons in nuclei using high energy electrons [5] or protons [6] as probing particles, electron momentum distribution in atoms, molecules, and solids [7, 8] , using photons or electrons as the probe, and the momentum distribution of nuclei in condensed matter, using epithermal neutrons as probing particles [4, [9] [10] [11] [12] [13] [14] . The latter technique -named neutron Compton scattering (NCS) -needs large fluences of epithermal neutrons and thus is practical only with spallation sources such as the ISIS facility, United Kingdom. During the past decade, NCS has been established as an experimental method of broad applicability, particularly for studies of proton dynamics and momentum distributions in a great variety of materials.
A large number of experiments have confirmed the existence of quantum entanglement (QE) in an impressive way. QE is the focus of several developing theoretical [1] , experimental, and technological fields [2] . In condensed matter, QE of massive particles is able to survive only for very short times [3] . In Ref. [4] , we were able to demonstrate such QE with the aid of neutron scattering experiments at sufficiently high momentum transfers ( hq). Usually, however, such high-q experimental techniques are applied to measure momentum distributions of target particles. The basic principles are rather simple. The momentum transfer hq is such that 1=jqj is much smaller than the atomic dimensions. In that case the probing particle scatters from a single target particle, and one determines hq, and the energy transfer ", from the probing particle to the target particle. If the target particle (mass m) was moving before the collision with momentum hk, momentum and energy conservation dictates that " is given by " hq 2 =2m h 2 k q=m. This simple physical context has been used to study the momenta of nucleons in nuclei using high energy electrons [5] or protons [6] as probing particles, electron momentum distribution in atoms, molecules, and solids [7, 8] , using photons or electrons as the probe, and the momentum distribution of nuclei in condensed matter, using epithermal neutrons as probing particles [4, [9] [10] [11] [12] [13] [14] . The latter technique -named neutron Compton scattering (NCS) -needs large fluences of epithermal neutrons and thus is practical only with spallation sources such as the ISIS facility, United Kingdom. During the past decade, NCS has been established as an experimental method of broad applicability, particularly for studies of proton dynamics and momentum distributions in a great variety of materials.
Recently, using an electron spectrometer with an improved energy analyzer [15] , Vos [16] observed electron Compton scattering (ECS) from protons. Using electrons with energies 15-30 keV, Compton recoil from protons of C-H bonds of a solid polymer has been observed. This instrument achieves electron-proton energy transfers in the range of about 2 -12 eV, and an energy resolution better than 0.4 eV. The energy loss spectra obtained show that the recoil peak of H is well resolved from the combined peak of the heavier atoms C and O. In this physical context, the ECS method is the electron analog to NCS. We emphasize that, throughout this Letter, the abbreviation ECS always refers to electron-nucleus scattering only, and not to electron-electron scattering.
In this Letter, we compare ECS and NCS investigations using a solid polymer known as formvar (C 8 H 14 O 2 ), an amorphous polymer widely used in electron microscopy since it makes extremely thin and flexible films. It also contains no double bonds, which would produce additional peaks in the energy loss spectra (cf. Fig. 1 ), thus obscuring the ECS peak of H. The combined results, obtained at T 295 K, demonstrate (i) the ECS technique provides proton momentum distributions which are in quantitative agreement with those obtained with NCS (cf. Fig. 2 ). (ii) The striking phenomenon given by the shortfall of scattering intensity from protons, first revealed with NCS from water [4] , is observable also with ECS, and the observed anomaly has roughly the same magnitude in both experiments (cf. Fig. 4) .
The ECS results were obtained with the electron spectrometer [15, 16] of the Australian National University at Canberra. Various thin films of formvar (about 50-100 A thick) were prepared by standard procedures. The impinging electrons have kinetic energies from 15 to 30 keV; in the forward scattering direction. These experiments provided results which confirmed and extended the previous findings reported in Ref. [16] . An ECS spectrum f", where " is the energy transfer, is shown in Fig. 1 , together with the corresponding fit. As is done in NCS investigations [11] , the electron spectra f" are fitted with Gaussians. For the baselines, various quadratic and higher-order polynomial fits have been performed. The ''background'' of the peaks is mainly due to interactions of the incident electrons with electrons in the sample. It was found that the results (see below) depend only slightly on the different fitted baselines.
From these measured ECS profiles, momentum distributions of protons are derived. The magnitude of the electron momentum hk remains almost constant (since " is much smaller than the kinetic energy of the impinging electrons). Note that this approximation is not valid for NCS. In Fig. 2 , we show the four measured distributions Jy (often called ''Compton profiles,'' see Section 3 of Ref. [11] ) as obtained from ECS using electrons of 15, 20, 25, and 30 keV. (These energies correspond to q values of about 47.6, 55.1, 61.8, and 67:8 A ÿ1 , respectively.) Jy is proportional to the density of protons with momentum component hy along the direction of the electron-proton momentum transfer hq. For comparison, these data are presented together with the corresponding distribution derived from a NCS time-of-flight (TOF) spectrum.
The NCS experiments were carried out at ISIS with VESUVIO (formerly eVS), an ''electron volt spectrometer'' [11] [12] [13] [14] 19] . The filter-difference method [19] was used, with a gold absorber. It absorbs neutrons at 4.908 eV, with a resonance width of about 0.28 eV. Various self-supporting foils of formvar (typically 0.1-0.2 mm thick) were prepared by standard procedures. The 32 neutron detectors used cover an angular range of 32 to 68 , which, for neutron-proton scattering, corresponds to a range of q values of about 30-120 A ÿ1 and of energy transfers " 2-30 eV. Figure 3 shows a measured TOF spectrum together with the corresponding fit (for the data analysis procedure, see, e.g., [11] [12] [13] [14] 17, 18] ). Here it suffices to mention that the analysis software also takes into account so-called ''final state effects,'' which are due to the fact that the impulse approximation is exact only when q and " are infinite [10 -12] .
The momentum distributions of H and other atoms are derived from the measured TOF spectra by standard procedures [12, 13] . The distribution Jy of H derived from the NCS data at scattering angle 66 is shown in Fig. 2 . The agreement, within experimental errors, between the graphs shown, confirms that all these measurements reveal the same physical quantity: the (projection on the scattering vector q of the) momentum density distribution of the protons of the sample. The electron and neutron results of Fig. 2 can be compared directly as the experimental energy resolution contributes a negligible amount to the width of the spectra obtained by either technique.
We now shortly discuss the observed decrease of NCS intensity from H [4] the large momentum and energy transfers involved in NCS, the recoil peaks of protons are well resolved from those of C and O (which overlap, cf. Fig. 3 ) in the TOF spectra [20] . From a measured TOF spectrum, the data analysis procedure [13] determines the double differential cross section d 2 =d"d, which is proportional to the bound total cross sections X for each scattering atom X, cf. [21] . Thus, the peak areas A X (with X H, C, O) extracted from d 2 =d"d are proportional to X [4, 13, 17] . From the experimental data, one thus determines the ratio
If the so-called ''incoherent approximation'' [10, 11] is assumed (which means that each deflected neutron is scattered from an individual nucleus), the expected value R ia of this ratio is calculated with (cf. [4] ) Instead of the expected equality R exp R ia , however, the experimental results presented below show that R exp is considerably smaller than R ia . This effect has been observed by NCS in a great variety of liquid and solid materials since 1995; cf. [4, 17, 18] . For the same physical reasons, equality R exp R ia should be valid for ECS also. Here, the cross section for electron scattering from hydrogen, carbon, and oxygen is simply the Rutherford cross section: X / Z 2 X (Z X : atomic number of atom X). Calculations of the cross section based on the electronic structure show that screening effects are not important under these conditions [22] . In agreement with preliminary observations [16] , the following results show that the ratio R exp of the hydrogen peak and the joint oxygen/carbon peak is decreased, too.
In Fig. 4 , the ratios R exp =R ia are given as functions of q jqj for both ECS and NCS. The effect revealed by NCS is between 25% and 50%, and increases with increasing momentum transfer, corresponding to decreasing scattering time sc (see below). The ECS data reveal a corresponding anomaly of R exp of 15%-45%. The associated systematic and statistical errors of the ECS results (including the uncertainty of the baseline of the H peak) are estimated to be about 10%. For the ECS experiment, it was checked that no radiation induced modifications of the film occurred for doses required to obtain good quality spectra [23] . Considerable efforts to identify various possible sources of NCS-experimental errors have been made; see, e.g., Refs. [17b,17c]. In particular, the constancy of NCS results by doubling the thickness of the formvar foil, as shown in Fig. 4 , shows that multiple scattering effects are very small. .) The results demonstrate a strong (20-50%) shortfall of scattering intensity from H, which is q dependent. Note that the ECS value at q 47:6 A ÿ1 may be larger than the corresponding NCS value. ECS also provides a new confirmation (independent from NCS) of the considered QE effect [4, 17, 18] . The spectrum is taken with the detector at scattering angle 51:27 , which corresponds to a mean momentum transfer (for the neutron-proton collision) with q 60:7 A ÿ1 . The broad H peak is well resolved from the narrow recoil peak from C and O. The ratio of peak areas R exp is about 40% lower than the conventionally expected value R ia ; cf. Equations (1) and (2).
These results demonstrate that the effect of decreased NCS intensity from protons [4, 17, 18] is also observable with a considerably different method, i.e., ECS. This is important, as this effect appears to be independent of the two fundamental interactions involved (i.e., electromagnetic versus strong interaction).
This effect (in the context of NCS) has been theoretically expected [4] and ascribed to short-lived protonic quantum entanglement, also involving ''dressing'' with electronic degrees of freedom; for various theoretical discussions cf. Refs. [17, 24, 25] . In this connection it should be also mentioned that, in a good approximation, the expected scattering times sc of ECS and NCS -i.e., the duration of the interaction time of the electron/ neutron with a proton -may be assumed to be similar. This appears to be justified since both methods are based on the basic physics of Compton scattering, and since the energy and momentum transfers applied are similar. According to basic NCS theory [10, 11] , it holds:
sc v 0 q 1, where v 0 is the root-mean-square velocity of the proton in its state before collision and hq is the magnitude of the momentum transfer. These scattering times lie in the attosecond range, i.e., about 300-1000 10 ÿ18 s cf. [17, 18, 24] . This also implies that, under the physical conditions of ECS and NCS, there is no welldefined time scale separation between electronic and nuclear (protonic) motion -which obviously implies that the widely used theoretical concept of electronic Born-Oppenheimer energy surfaces is not applicable here.
In conclusion, we demonstrated that ECS analysis of the H-recoil peak taken at large momentum transfer reveals to a considerable extent the same information as NCS. Moreover, and perhaps more importantly, the ECS technique has been shown to provide an additional (complementary to NCS) tool for the experimental investigation of the striking anomalous shortfall of scattering intensity of protons and the associated attosecond entanglement in condensed matter.
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